
1 
 

Minireview: 

Highly active antiretroviral therapy (HAART) and testicular morphology: current status 

and a case for stereological approach. 

Onyemaechi O. Azu, PhD  

Discipline of Clinical Anatom y, School of  Laboratory Medicine and Medical Sciences, 

University of KwaZulu-Natal, Durban 4001, South Africa.  

azu@ukzn.ac.za 

Abstract:  

As antiretroviral therapy becomes increasingly accessible, the asso ciated improvements in 

health, quality of life a nd the su rvival of patients are an ticipated to influence the fertility 

determinants of patientôs specifically young m ales within the reproductive axis. T herefore the 

understanding of testicular histology in pati ents with HIV/AIDS undergoing therapeutic 

management is essential, because the sexual rout e is one of the m ain means of transmission of 

the human immunodeficiency virus, which is localized primarily in the germ cells of the testes. It 

is also important to determine whether any c hanges have occurred in  the testicular histologic 

patterns in the course of the HI V/AIDS therapy. This review highlights the views of experts that 

current therapy and prolongation of survival in HIV/AIDS patients ar e associated with a shift in 

the histologic findings of testes toward a m ore pronounced loss of germ cells. An attem pt has 

also been made that the purpose of using stereological size and number estimators is to quantify 

the volume or num ber of biologically s ignificant reference spaces and objects from  their 

appearance on 2-D sections without introducing bias from inappropriate assumptions, models, or 

correction formulas. Therefore, m orphological changes related to al tered distribution HAART  

within the testis and the consequent endocrine  perturbations characteristic of a potential  

complication of antiretroviral treatment regimens can be analyzed in stereological dimension. 
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INTRODUCTORY COMMENTS 

Historical perspectives & epidemiology of HIV/AIDS 

The human immunodeficiency virus (HIV) which causes acquired immune-deficiency syndrome 

(AIDS) has been known over the la st three decades and sin ce then more than 25 million people 

have died of AIDS and m ore than 40 m illion are currently infected by the v irus (WHO & 

UNAIDS, 2004). The HIV pandemic has continued to challenge the developm ent and economy 

of many countries with no exception. It is one of the single most important health issues that 

threaten the surviv al of millions in sub-Saharan Africa (S uave et al.,  2002). Hen ce, this has 

stimulated tremendous global search for strategi es and treatm ent options to ensure that HIV 

infected persons have access to  antiretroviral therapy. In the developed world, mortality fro m 

AIDS has significantly reduced, in part due to wide availability and accessibility to highly active 

antiretroviral therapy (HAART). In r esource-limited countries however, although there has been 

steady progress in increasing accessibility to antiret roviral therapy (ART), most patients have no 

access to th is life saving intervention (Natrass, 2006).  Unfortunately, the poor and vulnerable 

segments of the society  are likely to m iss out from accessing HAART especially wom en and 

children are likely to be poor and socially vulnerable (Muula et al., 2007).  

From epidemiological point of vi ew, Southern Africa is  the region of the wo rld that has been 

hardest hit by the HIV  pandemic with prevalen ce rates h igher than 10%. Prevalence su rvey 

across the region showed that Malawi recorded  14.4% in the Malawi De mographic and Health 

Survey in 2004 (National Statistics Office & ORC Macro, 2004), Zambia HIV prevalence (15ï

49 years) was 15.6% in the Zambia De mographic and Health Survey 2000ï01(Zam bia 

Demographic and Health Survey 2000-2001, 2003), Na mibia was 10% (15 to 49 years) in 2005 

(Ministry of Health and Social Services, 2005) . The Democratic Republic of Congo (DRC) ha s 
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4.5% of its population infected  (Democratic Republic of C ongo: National Multi-Sectoral 

Programme for the Response to HIV/AIDS, 2006) although this figure are likely to be unreliable 

as health infrastructure in th e country outside the capital city is alm ost non-existent due to 

several years of civil w ar. In the United S tates, it is estim ated that there are 850,000-950,000 

persons living with HIV (PLW HAs) and that the incident rate in creases each year. Since AIDS 

affects so many people of working age in the US, issues of employment, work rehabilitation and 

AIDS in the workplace have all become major concerns (Braveman et al., 2006).  

Antiretroviral drug therapy (ART)  

Current HIV prevention strate gies includes comprehensive popul ation interventions promoting 

condom use, early diag nosis and treatment of sexually transm itted diseases and education 

programs that decrease rate of sexual-partner change and other high-risk sexual behaviour 

(Merson , 1993; Cohen et al., 199 4; Grosskurth et al., 1995; Sumartojo et al., 1997) am ong 

others. Antiretroviral drugs (ARVDs) are drugs  used for the treatm ent of infection by 

retroviruses primarily HIV. They are of different classes and also act at different stages in the 

progression of HIV infe ction (WHO, 2003). The com bination of ARVDs is known as Highly 

Active Antiretroviral Therapy (HAART) (Kovacs et  al., 1989). Therapeutic options started with 

nucleoside analogues reverse transc riptase inhibitors (NRTIs) such  as lamivudine as well as the 

protease inhibitors (P Is) which enhanced the surv ival of patients. However, conventional anti-

retroviral therapies do not com pletely eradicate HIV from  the body, and clinical trials are 

reporting that current vaccine strategies are not completely effective (Saag and Kilby, 1999).   

With the advent of ART, overall prognosis have  improved dramatically (Auvert et al., 2004) 

with significant impact in the management of HIV infection, suppression of viral replication and 

reducing the morbidity and m ortality associated with AID S has dim inished and m any people 

affected by the virus are now liv ing with a m anageable chronic condition (Van Sighem et al., 
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2003; Kayode et al., 2011, Kushnir and Lewis, 2011). HAART has de monstrated remarkable 

success in reducing the overall health care cost s for HIV-positive persons (Mocroft et al., 2003; 

Crum et al., 2006). The success of cu rrent regimen has transformed HIV infection into a chronic 

condition requiring management over the course of years and decades.  

At present, antiretroviral therapy availab le for clinical practice consists of drugs from  three 

classes, targeting two different viral protei ns: the nucleoside analogue- and non-nucleoside RT 

inhibitors (NRTIs and NNRTIs, respectively) and the protease inhibitors (PIs).  Current treatment 

regimens against HIV-1 include nucleoside re verse transcriptase inhibitors (NRTIs) in 

combination with protease inhibitors (PIs) and /or non-nucleoside reverse transcriptase inhibitors 

(NNRTIs), fusion and C CR5 coreceptor inhibitors and integrase inhibitors are the most recent 

additions to the spectrum of available agents (Este and Cihlar, 2010). NRTIs include zidovudine, 

stavudine, lamivudine and abacavir amongst others. NNRTIs include efavirenz, nevirapine while 

ritonavir, indinavir, saquinavir, atazanavir ar e all PIs (Gisslen and Hagberg, 2001; Mastan and 

Kumar, 2010; Kayode et al., 2011) (table 1). While NNRTIs, such  as nevirapine, have been 

shown to be superior alternatives  to protease inhibitors (PIs),  owing to the ser ious metabolic 

complications caused by PIs in HIV-infected pa tients and has b ecome the first-line therapies 

(Harris and Montaner, 2000; Saag et al., 2002), they however have  been associated with early 

adverse effects (Wit et al., 2002). To successfully manage people with HIV, it is crucial to find a 

balance between ARVD potency, tolerability, safety, and conveni ence while providing durable 

viral suppression (Kress, 2004).  

  
Toxicities of HAART  

The benefits of these antiretro viral drugs have been com promised by num erous side effects, 

adverse clinical events and toxicities. All antiretroviral drugs have both short-term and long-term 

adverse consequences but the risk varies from drug to drug and from  patient to patient. Some of 
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these clinical adverse effects include AIDS-related insulin re sistance, lipodystrophy syndrome, 

gastrointestinal symptoms and hyperglyce mia (Schambelan et al., 2002; Anonymous, 2003; 

Montessori et al., 2004). The most common and troublesome toxicities of NRTIs and NNRTIs is 

hepatotoxicity (Abrescia et al ., 2005; Soriano et al., 2008) whic h may be due to dam age of 

mitochondria especially in patients treated with zidovudine, stavudine or didanosine (Verucchi et 

al 2004; Walker et al., 2004), anaem ia and neut ropenia (Fistche et al., 1990). Due to their 

competitive mode of inhibition and requirement for metabolic activation, almost all NRTI drugs 

lack the virological potency of NNRTI or PI drugs. This is fu rther supported by clinical data 

showing that sustained viral suppression cannot be achieved with NRTIs, NNRTIs, or PIs alone. 

Therefore, the NRTIs, and all other cocktail of HAART will remain essential components for the 

management of HIV/AIDS for the foreseeable future (Sharma, 2011). 

Because HIV is m ost prevalent among persons of reproductive age and about one third of who 

would desire to have children, reproductive desi res have em erged as c linically important in 

patients with HIV/AIDS (Kushnir and Lewis, 2011). Therefore, the side e ffect of antiretroviral 

drugs on fertility especially in a growing population becom es a significant cause for concern. 

The biological alte rations in reproductive physiology have been noted to be  responsible for  

subfertility in females infected with HIV-1 (K ushnir and Lewis, 2011). A direct effect of HIV 

leading to gonadal failure has also been propos ed in both sexes but with poor elucidation 

(Mhawech et al., 2001; Cejtin  et al., 2006).  This review is therefore undertak en to high light 

testicular histological changes in the era of HAART and HIV treatm ent within the context of the  

testis as an immune-pre vileged site and   advocate for the use of stereological approaches to 

assess testicular morphology and function following antiretroviral treatment.  

TESTICULAR STRUCTURE IN ANTIRETROVIRAL THERAPY 
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The testis plays a significant role in the pro cess of reproduction by its uniqueness in structure, 

location and function. Enclosed in a three-la yered capsule (of tuni ca) (Brooks, 2007), it is 

compactly stuffed with sem iniferous tubules that make up for 60-95% of the 30 mL volum e of 

testicular volume that represents the site for spermatogenesis (Sharpe, 1986; Snow-Lisy et al., 

2011) (figure 1).  Recently, the asso ciation between HAART and sexual dysfunction in HIV-

infected patients has become a subject of intense research by experts. Whether this dysfunction is 

related to HAART induced hypo-gonadism  or to other factors is not clear, however. The 

hypothesis that HIV itself is associated with d ecline in fertil ity has been postulated by some  

authors (Kaida et al., 2006) but the proof for this rem ains elusive (Mhawech et al ., 2001; Cejtin 

et al., 2006). The pathogenetic mechanism of the sexual dysfunction in antiretroviral drug-treated 

patients is not clear. But, it should be consider ed that the complex re gimens of HAART m ight 

have adverse effects on the quality  of life (Mart²nez et al., 1 999; Collazos et al., 20 02) as most 

antiretroviral drugs show good penetration in the male genital tract and may therefore affect  

spermatogenesis (Lowe et al., 2004). The possibl e effect of HAART on sem en quality is of 

interest because semen quality is a key factor for reproductiv e success (Hunault et al.,  2004; van 

der Steeg et al., 2007). Because of the relatively  high efficiency of m ale sexual transmission of 

HIV, attention has focused on the histologic findings of the testis.  

As with radiothe rapy, the sem iniferous epithelium of the teste s is the m ost sensitive to 

chemotherapeutic agents, and after patients re ceive gonadotoxic drugs, they m ight be rendered 

oligospermic or azoospermic (Hamish et al., 2005).  Histopatholog ical changes in the testes of 

patients dying of AIDS are frequent with co mmon findings at autopsy including decreased 

spermatogenesis, thickened basement membrane, and an interstitial infiltrate (Welch et al., 1984; 

Da Silva et al., 1990; Harcourt D alton and Harcourt-Webster, 1991; Pudney and Anderson, 

1991).  Multiple autopsy studies of AIDS patien ts reported testicular histologic abnormalities in 



7 
 

more than 95% of cases, consisting predom inantly of hyposperm atogenesis and testicular 

atrophy (Da Silva et al., 1990). Howe ver, the pathogenesis of the histological alterations seen in 

AIDS and the possible consequences of direct infection of testicular cells with the HIV virus are  

unknown. Although the functional significance of the hi stological changes in the testes is not 

clear, symptomatic hypogonadism is not uncomm on among HIV infected m en bearing in m ind 

that some drugs used in the treatm ent of AI DS can affect gonadal function leading to lower 

testosterone levels, oligospe rmia, azoospermia, and gynecom astia (Sellmeyer and Grunfeld, 

1996). While current study identifies a trend in germ cell loss characteri zed in the extrem e by 

Sertoli cell only testicular histol ogic features, the reason for this  may not be unconnected to the 

new pharmacotherapeutic adv ances being used to treat both th e retrovirus and specific 

opportunistic infections in AIDS  patients (Leibovitch and G oldwasser, 1994). The use of these 

pharmacologic agents may partly explain the trend toward advancing germ cell loss. 

The blood-testis barrier (BTB)  

The BTB is  one of the tightest blood-tissue barriers known to ex ist in mammalian tissues with 

epithelial origin. Unlike other blood-tissue barriers, such as the bloodïbrain and the bloodïretina 

barriers which constitute alm ost exclusively tight junctions (TJs) betw een endothelial cells, the 

BTB is constitu ted of coexisting specialized junctions between Sertoli cells near the basem ent 

membrane, which include TJs, basal ectoplasm ic specializations (basal ESs), gap junction s 

(GJs), and desmosome-like junctions (Wong and Cheng, 2005; Cheng and Mruk, 2009; Cheng et 

al., 2010; Su et al., 2011) (figur e 1). Additionally, the BTB an atomically segregates the 

seminiferous epithelium into basal and apical (or adluminal) compartments, so that post-meiotic 

spermatid development (i.e. sperm iogenesis) and spermiation take place in a spec ialized 

microenvironment behind the BTB. The BTB cr eates an immunological barrier, so that antigens, 

many of which app ear transiently during spermiogenesis, are sequestered from  the system ic 
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circulation to avoid the productio n of anti-sperm  antibodies. In  fact, this ul trastructure 

determines in large part the nutrients, ions, el ectrolytes, as well as ho rmonal, paracrine, and 

autocrine factors having access to the develop ing spermatids in the ap ical compartment (Su, et  

al., 2011). Furthermore, the BTB confers cell po larity (Wong and Cheng, 2009) resulting in th e 

nuclei of Sertoli cells being located near the basement membrane.  

However, recent studies have demonstrated th at the BTB is a highly  dynamic ultrastructure, 

undergoing extensive restructuring thereby facilitating the transit of preleptotene spermatocytes 

across the BTB (Cheng and Mruk, 2010; Mruk and Cheng, 2010). In the midst of this dynamism, 

the testes still rem ains a reservo ir of HIV-in fection even after HAART (Dahl et al., 2010) 

although some authors based on clinical studies ha ve suggested that one potential contributing 

factor to the formation of a HIV viral reservoir in testes is the low concentration of antiretroviral 

drugs reaching the sem inal fluid in HIV-infected men (van Praag et al., 2001; Pereira, et al., 

2002; Ghosn et al., 2004; Cruciani et al., 2006; van Leeuwen et al., 2007). How this happens still 

remains a subjec t for further investigation but the ro le of the eff lux systems within th e 

architecture of the BTB cannot be  ruled out as previously state d. Again, this factor has brought 

about the issue of drug resistance as well as development of resistance strains of HIV in patients. 

Scientists have advocated that a likely cause of increased resistance may be due to the low 

concentrations of HAART drugs in the sem en and seminiferous tubules as a consequence of the 

mechanistic operations of the BTB. It is my opinion, also shared by Ghosn et al. (2004), that this 

impermeable barrier to many HAART drugs like enfuvirtide and PIs may constitute a challenge 

to achieving optimal HAART drug concentration within the seminiferous tubules as it were. 

Antiretroviral drugs and spermatogenesis  

Spermatogenesis is the ordered m aturation of spermatogonia into functional sperm atozoa and 

takes about 72 days to com plete (Sharpe, 1986). This com plex process requires the extensive 
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restructuring in the Sertoli cells that are the chaperones of spermatogenesis and form the blood-

testis barrier hence are rational targets for drugs/toxicants (Snow-Lisy et al., 2011) (figure 1). 

Sperm morphology is regarded as a significant prognos tic factor for fertilization and pregnancy; 

hence abnormal sperm m orphology is one of th e most common fa ctors of male infertility 

(Franken, 1998). Both the LH and FSH are necessary  for spermatogenesis. Hormonal regulation 

of spermatogenesis and testicular andr ogen production involves the hypothalamus, 

adenohypophysis (anterior pituitary) and the testes. Testicular regulation involves three sets of 

hormones: GnRH-gonadotropin releasing hormone from the hypothalamus which stim ulates the 

pituitary to produce gonadotrop ins, FSH-follicle s timulating hormone and LH-luteinising  

hormone. Gonadotropins directly stim ulate the testes and testicular hormones which exer t 

negative feedback con trol. The feedback inh ibition on the hypothalamus and pituitary results 

from the rising levels of testosterone and inhibin respectively (figure 2). 

Testicular morphological changes are also consid ered to be a potential  target for HAART as  

elucidated by Barboza et al. (2004) where they alluded that HAART rather than HIV-1 virus was 

responsible for the topographic ch anges in sperm cells. However, previous works by Politch et 

al. (1994) stated no adverse effects of HAART on sperm cells. Recent data however indicate that 

HAART significantly decreases total sperm c ount, progressive motility and significantly 

increases the proportion of abnor mal sperm forms (Nicopoullos et al., 2011). Zidovudine and 

other NRTIs used in HAART  are known m itochondrial toxins in vivo and in vitro and one 

postulated mechanism of their toxicity posit s depletion of m itochondrial DNA (m tDNA) by 

inhibition of its DNA polym erase and a resultant de crease in polypeptides i nvolved in electron 

transport ( Lewis et al., 2003). Spermatozoa contain numerous mitochondria that provide energy 

(from adenosine triphosphate) for their progressive motility (van Leeuwen et al., 2008) (Table 2). 

HAART in addition to causing ad verse effects (van der Valk et  al., 2001; Deeks, 2006) also 
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mediates its deleterious eff ects through mitochondria damage. The thymidine analogue NRTI-

containing antiretroviral regim ens in particul ar, may negatively affect m tDNA copy number, 

mainly through inhibition of the m tDNA replication enzyme mtDNA polymerase-gamma, 

causing mtDNA depletion (van der Valk et al., 2004; Casula et al., 2 005). However, several 

antiretroviral drugs show good penetration in th e male genital tract an d may potentially cause 

local adverse effects (Lowe et al., 2004).   

Though the exact origin of HIV-1 in the MGT rem ains a subject of  debate, histological studies 

show a lo ss of testicular g erm cells an d maturation arrest of spermatozoa during 

spermatogenesis. Protease inhibitors are associated with inhibition of apoptosis, which may also 

occur in spermatozoa, leading to cell dysfuncti on, i.e. asthenozoospermia (Phenix et al., 2000). 

Most of the studies carried out by researchers and experts have illustrated the deleterious effects 

of HAART on sperm atozoa to decline in m otility with m itochondrial damage (Graham et al., 

1990).  

Although the functional significance of the histological changes in the testes of HIV infected 

men is not clear, sym ptomatic hypogonadism is not uncommon. The pathophysiology of HIV-

related hypogonadism in ART patie nts still remains uncertain (Sellmeyer and Grunfield, 1996; 

Collazos et al., 2002) with  subnormal testosterone levels in AIDS patie nts (Wagner et al., 1995; 

Rochira et al., 2011) especially in those with advanced disease and low CD4 cell counts (Laudat 

et al., 1995) som e of which showed no eleva tions in FSH or LH a mong the hypogonadal m en 

(Raffi et al., 1991). This horm onal perturbation supposes impairment in the network of control 

and regulatory feedback role of the hypothalamo-p ituitary axis (figure 2) in determ ining the 

severity of involvement of HAART with refere nce to testosterone, FSH and LH. However, the 

precise underlying mechanism is yet to be clearly  elucidated despite co ntinued investigation by 

authors, although some of these results hav e been m itigated by sh ortcomings limiting its 
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evidence (Rochira et al., 2011). Nonetheless, Collazos et al. (2002) opine that sexual dysfunction 

may not be  mediated by hypophyseal hypogonadism  or testicular failure; that antiretroviral 

treatment results in an increas e in testosterone levels (Tab le 2). W hile HAART ensures viral  

suppression in patients, it does not fully restore th e health especially with the existence of other 

co-morbidities creating a precar ious situation. Therefore, while  a relationship between sexual 

dysfunction and antiretroviral treatm ent involving a ll therapeutic groups have been postulated, 

the major culprit rem ains the PIs (Collazos et al., 2002). The possi ble unknown effects of 

antiretroviral drugs on diverse aspects of the sexual sphere, including interactions with hormonal 

receptors at the cellular level, cannot be entirely dismissed.    

Sanctuary sites in the testis 

The current antiretroviral therapy is very effect ive in suppressing viral replication in plasm a, it 

does not completely eradicate HIV infection from  the host (Dahl et al., 2010). This has been 

confirmed by clinical studies where very low c oncentrations of anti-HIV drugs have been found 

in the brain and testes (Taylor, et al., 1999; van Praag, et al., 2001; Pereira, et al., 2002; Ghosn, 

et al., 2004; Cruciani, et al., 2006;  van Leeuwen, et al., 2007). The re ason has been attributed to 

the expression of ABC drug efflux transporters at blood-tissue ba rriers such as the blood-brain 

barrier which can activ ely extrude several drugs including antiretrovi rals from the brain (Kis et 

al., 2010). Following this premise, there is a raging debate among scientists as to the concept of  

óSanctuary siteô for HIV in the body. Choo et al. (2000) and Livni et al. (2004) portrayed that the 

infection of the testis by  HIV can have important consequences for the eradication of the virus 

from the male genital tract (M GT) by antiretroviral therapies. Thus, the existence of the blood 

testis barrier (figure 1) and of the drug efflux pu mps of the ABC transporter family expressed by 

a wide range of testicular cell types , restrict the drug acces s to this org an, as shown for som e 
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HIV replication inhibitors. These da ta indicate that, if  infected, the testis may represent a viral 

sanctuary resistant to antiviral treatments.  

To date, the concentration of HIV inhibitors in the human testis and in other organs of the MGT 

is unknown. However, during the later stages of  the disease, the testis m orphology becomes 

severely damaged (Dejucq & Jegou, 2001), with di fferent levels of testicular germ cell 

degeneration leading in som e cases to a Serto li cell only-syndrome. This most probably results 

from the decrease in testosterone  level, elevated body temperature and presence of opportunistic 

infections rather than from the germ cell inf ection described in som e studies (Da Silva et al., 

1990; Nuovo et al., 1994; Muciaccia  et al., 1998), as normal testicular morphology is observed 

during the asymptomatic stage despite the association of HIV with testicular germ cells.  

Many definitions with its m echanistic implications have been  expounded by som e authors in 

explaining the existence of a ósanctuary siteô in  the testis. According to Hoetelm ans (1998), a 

sanctuary site for HIV-1 is an anatomical site which is highly impermeable to some antiretroviral 

drugs and in which viral replication continues during treatment. A sanctu ary site thus a llows 

local selection and/or developm ent of drug-resistant strains potentially causing therapy failure.  

Sanctuary sites for HIV are characterized by two phenomena; the absence of adequate local drug 

concentrations and the presence of susceptible and subsequently virus replicating and producing 

cells (Grossman et al., 2006). The MGT has been s uggested as a sanctuary site for HIV, because 

the NNRTI efavirenz and most PIs, both extensively used in HAART, do not penetrate well into 

seminal plasma (Taylor et al., 1999; Ghosn et al., 2004). Whether or not the MGT is indeed a 

sanctuary site for HIV-1 is  at present controversia l, because not only is th e data on the presence 

of HIV susceptible cells in the MGT sparse (Lowe et al., 2004), they are also discrepancies in the 

reports with no authority having convincingly won the debate. Unfo rtunately, while this rages, 

HAART viral load suppression in  the host tilts towards the bala nce favouring the HIV virus due  

to this ósanctuary siteô phenomenon (Saksena et al., 2010).   
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A STEREOLOGICAL APPROACH TO HAART IMPACT ON THE TESTIS 

Morphological changes attributed to HIV therapies challenge th e optimal management of HIV 

infection (Wohl and Brown, 2008) . From the foregoing discussi on, it can be gleaned th at 

treatment for HIV/AIDS using HAART drugs relies  greatly on the ability of these drugs to 

specifically achieve efficiency in target organs/cells for it to be effective. This can be improved 

by the understanding of the struct ure of the seminiferous tubules  and the m anipulation of these 

structural indices in achieving adequate drug delivery; using stereological approaches, this 

objective can be attained. Stereolog y is a techni que that enables acquisition of data on num ber, 

volume, length or su rface area of  identifiable objects in  a three-d imensional structure by  

sampling in two di mensions. That is, it provide s a technique for quantifying objects on a slice 

from the structure such as a histological specimen viewed under the m icroscope or a 

computerized tomography (CT) scan. It has the enormous virtue of having a rigorous  

mathematical foundation and rules for counting that also give a reliable measure as well as an 

indication of precision (Carpenter, 1979; Peter, 2002; Inuwa, 2005). 

What to quantify and assess 

While publications on the effects of HAART on the testis abound, they how ever lack detailed 

morphological analyses on the testis.  In order to  determine the effects of  antiretrovirals on the 

testis, it is necessary to probe the organ with geometric entities: points, line, volumes and planes 

as meaningful results have been obtained using similar techniques in other studies (Osinubi et al., 

2005; Azu et al., 2010). With these entities, investigations from the two-dimensional histological 

slides processed from the tissue can be further in terpreted in a three-dimensional platform using 

stereological assessments. For instance, seminiferous tubular diameter (D), epithelial 

height/thickness, number of sperm cells, num erical density (N V), number of profiles of 
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seminiferous tubules in a unit area (NA) and cross sectional area of seminiferous tubules (AC) can 

be calculated thereof (figure 3) (Azu et al., 2010). 

First-order stereology denotes estim ating volume, surface area, len gth or number of any 

biological object. Terms such as degenerati on, toxicity, atrophy, hype rtrophy, dysgenesis, and 

proliferation all refer to alterations in one or more of these parameters. However, as it is the case 

with almost all pertinent studies, it is not possible to count the number of relevant units directly. 

Yet the inform ation is essential if we want  to know how experim ental or environm ental 

interventions affect an orga nôs development (Inuwa, 2005). For example, how does HAART  

affect testicular m orphology and what cell type is/are affected by them , at what stage of 

development (spermatogenesis) does this occur? Usually, HAART is not star ted in patients with 

earlier disease because of concerns regarding the long-term side effects of the treatment, which is 

a combination of antiretroviral drugs that needs to be taken for life (Yeni et al., 2002). How do 

we address these pertinent issues with the ai m of reducing unwanted reproductive toxicities and 

reduce disease progression in HI V infected patients? Evaluation of the morphology of the testis 

and perturbations following HAART  may become an essential com ponent of this issue. T he 

mainly unbiased and reliable way to obtain such  information is by m eans of stereology. This 

technique is an absolutely essential tool for any biologist who needs to know the number of units 

in any system ð whether they be functional units like number of Sertoli cells in the seminiferous 

tubules of the testis, or cell or ganelles like mitochondria. It also provides a m eans of obtaining 

size, length and surface area of any object under consideration. In my opinion, these applications 

are yet to be fully explored in the interpr etation of impact of antiretroviral therapy on testicular 

tissue.   

Last, morphological changes among patients receiving combination antiretroviral therapy often 

occur within the context of other potentially related m etabolic disturbances, including 
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dyslipidemia and disorders of glucose hom eostasis, which increase the risk of car diovascular 

disease. Central to the developm ent of inte rventions to reverse undesirable changes in body 

endocrine metabolism during HIV therapy is an understanding of their causes (Wohl and Brown, 

2008).  

The future of stereology in the era of HAART testicular assessment 

While there has been a trem endous assemblage of data from stereologic standpoint that has 

positively shaped the v alue and de pth of analyses available to re searchers in the f ield of bio-

morphometry, it has nonetheless opened up other vistas for pot ential exploitation. With the use 

of highly active antiretr oviral therapy, the elucid ation of HIV reservoi rs within the body has 

become a m ajor issue. The m ale genital tract could represent such a reservoir as num erous 

studies have de monstrated viral compartmentalization between blood and sem en, suggesting a 

local production of viral particles (Dejucq and Jegou, 2001). The testis , like the brain, represents 

a pharmacologic sanctuary site du e in part to the pres ence of membrane efflux re ceptors (P-

glycoprotein) in the capillary endothelial cells of this tissue (Ghosn et al., 2004) which limit drug 

entry and in particular that of HIV protease inhibitors (Taylor et al., 1999). This organ has thus 

been hypothesized to represent a po tential reservoir poorly accessible to antiretrovirals (Pereira 

et al., 2002; Cruciani et al., 2006; van Leeuwen et al., 2007). The succe ssful application of 

stereologic tools in diffusing the óenigm aô of viral compartmentalization remains an open but 

positive benefit. There are s everal endocrine a nd testicular dysfunctions observed in HIV  

positive men at different stages of the infection, such as changes in  testosterone level and  

orchitis, which suggest that te stes may become infected by the virus itself in addition to 

perturbations from HAART. Indeed, our future understanding of these changes in morphological 

dimensions applying stereological approaches  would becom e needful towards explaining the 
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changes in mechanistic terms. It would f or instance be able to quantify and estimate structu ral 

organ shrinkage, volume, surface areas as well as cellular components. 

Conclusions  

Highly active antiretroviral therapies have effects on the m ale reproductive system, the testis in 

particular with overall conseque nces of impaired steroidogenic function. The fear of increasing 

the number of patients with thes e myriad of endocrine symptom s and continued replication of 

HIV particles in the testis despite oth erwise effective ART has yet to bec ome a reality. With the 

possible dynamism of the blood-testis barrier w ith its restrictions on the therapy itself, it 

becomes necessary to address th is issue by adopting a quantitativ e platform for assessing  the 

changes in the testis. This would help in unlo cking the kinetics of HAAR T impact on the testis 

vis-¨-vis the outcome of therapy on the patient. 

 

List of Non-standard abbreviations  

MGT ï Male genital tract  

BTB ï Blood-testis barrier  

HAART ï Highly active antiretroviral therapy  

HIV ï Human immunodeficiency virus  

PLWHIVS ï People living with HIV/AIDS 

WHO ï World Health Organisation 

ARVDs ï Antiretroviral drugs 

NRTIs ï Nucleoside reverse transcriptase inhibitors 

NNRTIs ï None nucleoside reverse transcriptase inhibitors 

PIs ï Protease inhibitors 

NA ï Number of profiles of seminiferous tubules per unit area 
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NV ï This is the number of profiles per unit volume  

AC ï Cross-sectional areas of the seminiferous tubules 

D ï Seminiferous tubular diameter  

Stereology - The study of measurement of three-dimensional properties of a structure seen in two 

dimensions.  
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Figure Legends 
Figure 1: Histological section of the seminiferous tubules (A) Cross section of testicular tissue of 
rats showing numerous seminiferous tubules, lumen (L) with immotile spermatozoa, interstitium 
(I) with blood capillaries and cells o f Leydig. H & E X 400 (B) Schem atic illustration of blood-
testis barrier between S ertoli cell (7) and tight junction. (C) An  illustrative figure of electron 
micrographic view of the seminiferous epithelium from the adult rat testis. Depicted here are two 
adjacent Sertoli cells,  basal spermatogonia and adluminal spermatocytes at variou s stages of 
cycle. Nucleus of Sertoli cell is s hown with spermatid embedded at the apical cytoplasm  of 
Sertoli cell. The BTB is shown by the tight junction between adjacent Sertoli cells. 
 
Figure 2: Hypothalamo-pituitary-testicular axis. 
 
Figure 3: Schematic drawing of seminiferous tubules (St) with various diameters (D) and 
distance (r). 
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Table 1: NRTIs, NNRTIs, PIs, Fusion or entry inhibitors and Integras e inhibitors and the ir 
details   

Drug class  Generic name  Abbreviations  Year of approval 
NRTIs Zidovudine  

Didanosine  
Zalcitabine  
Stavudine  
Lamivudine  
Abacavir  

ZDV/AZT  
ddl 
ddC 
d4T 
3TC 
ABC 

1987 
1991 
1992 
1994 
1995 
1998 

NNRTIs Nevirapine  
Delavirdine  
Efavirenz  
Etravirine  

NVP 
DLV 
EFV  
ETR 

1996 
1997 
1998  
2008 

PIs Saquinavir  
Ritonavir 
Indinavir 
Nelfinavir 
Amprenavir 
Lopinavir  
Atazanavir  
Fosamprenavir  
Tripanavir 
Darunavir  

SQV 
RTV 
IDV 
NFV 
APV 
LPV 
ATV 
FOS/APV 
TPV 
DRV 

1995 
1996 
1996 
1997 
1999 
2000 
2003 
2003 
2005 
2006 

Fusion or entry 
inhibitors  

Enfurvirte  
Maraviroc 

T-20 
MVC 

2003 
2007 

Integrase inhibitors Ratigravir  RAL 2007 

Sources: Division of AIDS (DAIDS), 1999; Sharma, 2011. 
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Table 2: Summary of studies evaluating the testicular effects of antiretroviral therapy (HAART) 

Treatment/drug used Effects Dosage Experimental type Duration References 
(NNRTI)-Nevirapine Degeneration of seminiferous tubules, 

necrosis of spermatids & defoliation of 
spermatocytes, reduction in sperm motility & 
viability 

36 mg/kg Animal  4 weeks Adaramoye et al., 
2011 

Zidolam (AZT+3TC) Reduced sperm motility & count & viability, 
reduced testosterone 

1.29mg/100 
mg bw 

Animal 21days Osonuga et al., 2010 

Zidovudine+ 
lamivudine 

Increase in free testosterone  Standard dose Human prospective 
randomized trial 

7 days Dube et al., 2007 

HAART  Impairment in testosterone levels  Standard dose  Human, cross 
sectional study 

6 months Guaraldi et al., 2007 

HAART Levels of testosterone, 17-estradiol, 17-
estradiol/testosterone ratio, FSH, LH and 
prolactin were not significantly different in 
patients who reported sexual dysfunction.    

Standard dose Prospective study in 
human 

4 yrs 
(1998-
2001) 

Collazos et al., 2002 

PIs-Saquinavir Semen alteration, decreased sperm motility 
and negatively affects mechanisms that are 
essential to fertilization of an oocyte such as 
the acrosome reaction 

- In vitro evidence 
(Trial)  

- Ahmad et al., 2011 

HAART Semen alteration, reductions in ejaculate 
volume, increased rates of abnormal sperm 
morphology and decreased sperm motility  

- In vitro 
evidence 
(Trial),Clinical 
evidence(Trial)  

- 
 
 
48 weeks  

Nicopoullos et al., 
2010b;  
van Leeuwen et al., 
2008;  
Kehl et al., 2011. 

NNRTI-containing 
regimen nevirapine 
and PI 
 

Associated with higher percentage of 
progressively motile spermatozoa, 
Vitality. 

 - Cross-sectional 
study in human. 

Semen 
samples  

Lambert-Niclot et 
al., 2011  

HAART Decline in sperm concentration, total count, 
progressive motility and normal morphology 

- - - Nicopoullos et al 
(2004),  

HAART decrease of the rapidly progressive motile 
spermatozoa and an increase of less rapidly 
progressive spermatozoa  

- - - Dulioust et al, 
(2002) 

Nucleoside-
containing 
antiretrovirals  

Do not induce sperm damage but may 
produce improvements in semen quality 

Administered 
via 
recommended 
protocols 

 Longitudinal study 
over 12 weeks.  

- Wendie et al., 2001  

PIs, NRTIs such as 
Zerit (stavudine, d4T)  

Lipodystrophy  - -  Villarroya et al., 
2010 

NRTI (ZDV, ddI 
and D4T)  

Histological examination displayed 
macrovesicular steatosis, marked periportal 
intrahepatic 

- - Several 
months  

Yarchoan et al., 
1990;  
Olano et al., 1995 
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cholestasis without features of malignancies 
or infectious agents  

ZDV Anaemia     Notermans et al., 
1996  

PIs,  Hyperglycemia     Hammer et al., 1997 
HAART, 
 
PIs especially 
indinavir. 

diabetes  
 
hyperglycemia 

- 
 
- 

Prospective studies  
- 

during 4 
years  
- 

Brown et al., 2005; 
Sharma, 2011.    

Indinavir  
  
RTV/IDV  

Renal toxicity - 
100/800 mg 
bid regimen   

- 
BEST trial 

- Dieleman et al., 
1999 

NRTIs (Trizivir/AZT 
+ 3TC + abacavir ) 

Anemia, neutropenia (low white blood cell 
count)  

One tablet 
(300 mg AZT 
+ 150 mg 3TC 
+ 300 mg 
abacavir) 
twice daily  

 -  Sharma, 2011  

Combivir/AZT + 3TC  Neutropenia (low white blood cell count  One tablet 
(300 mg AZT 
+ 150 mg 
3TC)  

- -  Sharma, 2011  

NRTIs, NNRTIs and 
PIs  

Hepatotoxicity include i) hepatitis: 
Inflammation of the liver, ii) hepatic necrosis: 
death of liver cells, and iii) hepatic steatosis 

- - -  Sharma, 2011  
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Figure 1: Histological section of the seminiferous tubules (A) Cross section of testicular tissue of rats showing numerous seminiferous
tubules, lumen (L) with immotile spermatozoa, interstitium (I) with blood capillaries and cells of Leydig. H & E X 400 (B) Schematic
illustration of blood-testis barrier between Sertoli cell (7) and tight junction. (C) An illustrative figure of electron micrographic view of the
seminiferous epithelium from the adult rat testis. Depicted here are two adjacent Sertoli cells, basal spermatogonia and adluminal
spermatocytes at various stages of cycle. Nucleus of Sertoli cell is shown with spermatid embedded at the apical cytoplasm of Sertoli cell.
The BTB is shown by the tight junction between adjacent Sertoli cells.
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Figure 2: Hypothalamo-pituitary-testicular axis



Figure 3: Schematic drawing of seminiferous tubules (St) with various diameters (D) and
distance (r).


